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Pepper quality is determined on the basis of its volatile components and the level of capsaicin, which determines pungency [1] . China has traditionally engaged in large scale pepper production and consumption. However, what the main volatile components of Chinese peppers at different levels of ripeness, such as the green, ripening, and full color stages, and what is the level of capsaicin and its influence on the volatiles is still unknown.
The Bo-li pepper is very common and is usually cultivated in Hunan province (SW China). The climate there is ideal for the growth of the peppers because of their agreeable physical, chemical and flavor aspects. The fresh fruits at different ripening stages are utilized in boiled Chinese dishes, as well as raw materials in the production of many products.
For the relevant assessment of pepper quality, the main volatile compounds must be known, and an appropriate analytical method is also required. Gas chromatography, with mass spectrometric detection (GC-MS) and comparison of spectral and retention indices with reference compounds, is the technique of choice for the analysis of volatile compounds [3] [4] [5] .
In the present study, quantitative analyses of volatile compounds and assessment of capsaicin changes during pepper ripening were performed. Three stages of maturity of the peppers were investigated. Volatile analysis was performed after SDE, measurement of total volatile compounds, and GC-MS. The capsaicin content was measured by HPLC. The results were analyzed by means of principal component analysis (PCA).
Volatile compounds emanating from peppers:
The average content of each volatile component extracted at different levels of ripeness is given in Table 1 . Eighty-one compounds were identified and quantified in this study. Twenty-two were found at the green stage, The components with superscript "1-30" were either detected in the majority of the analyzed pepper samples or presented with a percentile peak area higher than 1.5%; -Not detected; Values were expressed as mean ± SD (n = 3).
forty-four at the ripening stage, and sixty-one at the full color stage. The compounds were grouped into chemical groups (alkanes, alkenes, alcohols, aldehydes, ketones, carboxylic acids, esters, and terpenoids.
Qualitative and quantitative discrepancies were observed at the different levels of ripeness (Figures 1  and 2 ). The content of alkanes, alkenes, and ketones increased from 1.5% (2 varieties), 2.0% (1 variety) and 2.3% (2 varieties) at the green stage to 19.4% (19 varieties), 19.0% (13 varieties), and 6.0% (4 varieties) at the full color stage, respectively.
Although the content of aldehydes decreased from 41.8% to 4.1%, the categories augmented from 4 to 7. The content of alcohols increased from 14.0% to 25.9%, with the categories augmented from 9 to 15. The only volatile aromatic compound, aromadendrene, decreased from 3.2% to 3.0%. Terpenoids rose from 4.0% to 4.5%, whereas the compound types did not change. Esters presented a complicated picture, decreasing sharply from 6 to 4 and then up to 7. According to Coelho [6] , a wide spectrum of volatile terpenoid components are found in fruits. Zimmermann et al. [7] reported that β-ionone, an odor-active compound, is an important volatile component that increases at each of the three stages. Oxygenated terpenoids, such as α-cedrene and β-cedrene, increased at the full color stage, which supports a similar report by Lihua Jiang et al. [8] .
Principal component analysis of volatile compounds emanating from peppers:
The components that could be contributing to the volatile profiles at the different stages of development were evaluated and the results are shown in Figure 3 . Multivariate analysis of the results was performed to explain the overall characteristics of the stages using a colored number of volatile components.
The five principal components explained 94.4% of the total variance, indicating that a small number of volatile components could explain the overall characteristics. PC1 explains 44.0% of the total variance, PC2 31.1% and PC3 only 19.2%. Figure 3 presents PC1 versus PC2, PC1 versus PC3, and PC2 versus PC3 loading graphs, which were related to the variable profiles of the different stages. This pair of principal components was chosen because of its clear discrimination between the stages of the samples and the easiest relationship of these groups with volatile components. PC1 was a measure of the ripening and full color stages (p ≤ 0.01), since it shows approximately equal high positive loadings on the ripening and full color stages, as well as a little negative positive loading in the green stage. PC2 has high positive loadings at the green stage, and small negative positive loadings at the ripening stage. This component measured the preponderance of the green stage (p ≤ 0.01). As can be seen in these figures, variables described by the loading graph and located in a different quadrant were the most important volatile components. The correlation value of the volatile components belonging to the ripening and full color stages reached 75.4%. During the three stages, hexanal, 2-hexenal and propanoic acid-2-methyl-hexyl ester were the most important components at the green stage, 2-pentanol at the ripening stage, and 3-hexen-1-ol at the full color stage. 2-Hexenal and hexanal were reported to have a strong 'green' odor; these compounds were the dominant volatile components in the green peppers [9] , but decreased during maturity. With ripening, the content of 2-pentanol increased, which is reported to have a nutty odor.
It should be mentioned that, in our previous study [10] , we observed that, amongst the three stages, the full color stage presented the highest concentrations of capsaicinoids, which make the peppers more pungent ( 
